Contemporary globalized food systems add new dimensions to
under-and overnutrition, 5, 6 accelerated resource depletion and pollution, [7] [8] [9] [10] [11] [12] [13] contamination with pathogenic microbes, 14 antibiotic resistance, 15 and destabilization of the economies of food production in rural communities around the world. 16, 17 For example, in the United States, overweight and obesity have increased dramatically since 1985, at which time only 8 states had obesity prevalence of greater than 10%; by 2008 all states exceeded 10% prevalence, and in 6 states more than 30% of adults were obese. 18 In 2007, daily caloric consumption was 500 kcal/day above 1972 to 1983 levels, the period just predating the obesity epidemic. 19 Overweight and obesity are related to transitions away from traditional diets, inactivity, and the globalization of nutrient-poor commercial food, heavily dependent on fat and sugar. 20 Coinciding with obesity and rising levels of diabetes are increasing rates of hunger, food insecurity, 6, 21 climate fluctuations leading to drought and floods in subsistence areas, 11 and unprecedented degradation of the land, water, and mineral resources needed to produce food. 3, 14, 15 The United Nations Food and Agriculture Organization (UN FAO) estimated that 18% of global climate change (also land degradation, nitrogen pollution, and water overuse) is due solely to livestock, 14 and more recent evidence more than doubles that estimate. 13 In response to these trends, nutritionists and other health professionals have called for a "new paradigm" of nutritional science and food systems that integrate the biophysical aspects of nutritional health with social and environmental antecedents and outcomes. For example, in 2005 the International Union of Nutrition Scientists (IUNS) created the Giessen Declaration, which stated, "The purpose of nutrition science is to contribute to a world in which present and future generations fulfill their human potential, live in the best of health, and develop, sustain and enjoy an increasingly diverse human, living, and physical environment." 22(p4) Other professional organizations taking similar positions include the American Public Health Association (APHA), 23 the American Medical Association (AMA), 24 and the American Dietetic Association (ADA). 25 As a result, there is an increasing call on dietetic professionals to participate in policy and public education that supports the redirecting of contemporary food systems toward sustainability. 26, 27 To effectively accomplish this, dietetic professionals need to be knowledgeable about and engaged with multiple aspects of the food system as it relates to sustainability. We maintain that education in this area can best occur within ADA-accredited dietetic training programs, yet the limited evidence suggests that many faculty feel unprepared to teach these topics to their students.
TEACHING FOOD SYSTEMS AND SUSTAINABILITY IN THE DIETETIC CURRICULUM: RESULTS OF A SURVEY
To facilitate enhanced understanding of food system issues among nutrition educators in dietetic training programs, it is crucial to pinpoint their current attitudes, needs, and interpretations of sustainability. Little evidence has been gathered to date to assess the knowledge, skills, and comfort levels of nutrition and dietetics faculty with teaching about food systems and sustainability. In 2006, a survey of faculty teaching in ADA-accredited didactic and coordinated programs was conducted. 28, 29 Results of this survey provide a baseline, as well as evidence of growing interest among dietetic educators in integrating sustainability and food systems education into traditional programs.
Survey Instrument
The 4-part Likert-scaled survey assessed the following: the extent to which concepts related to the food system and sustainability are taught in current dietetic coursework, the relative importance that educators place on various food system topics, attitudes among dietetic educators on these topics, and the resource needs of educators to expand teaching in this area.
RESULTS
One hundred and forty-five faculty responded. Most (84%) had been practicing dietetics for 10 years or more, and the majority (62%) had been teaching for 10 years or more. The sample included educators from all US regions, and participants were currently teaching coursework typically part of a dietetic curriculum. Of all of the dietetics courses reported by respondents, Community Nutrition was the one for which most faculty (41% of all faculty teaching Community Nutrition) reported that they included content about food systems and sustainability.
Sustainable Food Systems Topics
Survey participants were given a list of potential food system and sustainability topics and asked to rate the importance of each (5, very important; 1, very unimportant). Topics regarded as most important included community food security (average score was 4.34), genetic engineering (4.3), contamination of fish/food safety (4.25), water quality (4.25), and seasonally available foods (4.2). The topics seen as less important fell into 3 general categories: agricultural production issues (eg, use of antibiotics in animal agriculture, 3.84), rural community issues (eg, preservation of rural communities, 3.64), and social justice issues (eg, living conditions of farm laborers, 3.28). Though terms such as food, food choices, food safety, and water appear to influence scoring on importance, topics seen as more closely related to agriculture, natural resources, or social issues are regarded as less important or perhaps outside of the purview of nutritional science and dietetics. For example, agricultural economic viability (3.8) ranked lower on the list, but the relationship between food choices and the local economy neared the top (4.18). Water quality ranked higher on the list than ecological sustainability (4.0). Locally grown foods (4.04) ranked higher than farmland protection (3.58). Contamination of fish/food safety ranked higher than depletion of wild fish stocks (3.26) . Other topics included plant-based diets (4.14), food and agricultural policies (4.10), irradiation (4.04), food marketing and advertising (4.04), social justice in the food system (3.88), use of synthetic chemicals/pesticides (3.83), soil quality (3.83), organic agriculture (3.82), use of hormones in animal agriculture (3.77), biodiversity (3.67), energy use in the food system (3.62), use of synthetic fertilizers (3.57), fair trade (3.46), food miles (3.40), integrated pest management (3.39), wild fish vs farmed fish (3.35), grass-fed livestock (3.16), animal welfare/animal rights (3.11), free-range poultry (3.05), and concentrated/confined animal feeding operations (CAFOs; 3.04).
Attitudes About Teaching
Respondents were asked to indicate their level of agreement on a variety of statements reflecting attitudes about interest in food systems and sustainability, confidence in teaching on these topics, and resource needs. Logical groupings of statements could not be substantiated by factor analysis or computation of internal consistency. The vast majority (82%) of respondents agreed that educators of future nutrition and dietetic practitioners have a professional obligation to teach their students about sustainability issues; most (77%) believed that their students do not appear to be interested in the sustainability of the food system; and more than half (62%) agreed that the average American consumer lacks concern for this topic. Yet the majority (68%) agreed that sustainability should be an important consideration for American consumers when making food choices. In keeping with these findings, three quarters of the respondents (77%) were interested in learning how to incorporate information about food systems and sustainability into their pedagogy. About half of survey participants (52%) agreed that they are confident in their own understanding of sustainability and the food system, but fewer (42%) would be confident in teaching on topics related to the sustainability of the food system. Slightly more than half (57%) already know where to look for information on these topics, but a strong majority of respondents (83%) agreed that if the ADA provided teaching resources, they would consider using them. Finally, though a majority (63%) agreed that there should be ADA foundation knowledge and skills competencies related to food systems and sustainability, nearly half (41%) also agreed that incorporating new content into the dietetic curriculum would be a challenge.
Resource Needs
According to survey participants, the types of resources that would be most useful include general curriculum guidance on food systems and sustainability; guidance for student assignments and research projects; class activities that promote discussion; and recommended reading lists. Participants would prefer Web-based training versus conference training or workshops or graduate coursework.
In the rest of this article we provide some conceptual, methodological, and literature-based resources for teaching sustainable food systems in college nutrition courses.
Sustainable Food System Education Goals and Relevant Resources
Taking into consideration the results of this survey and the need for resources, Table 1 is provided to help pinpoint conceptual underpinnings critical to creating a solid sustainability curriculum. This table lists and explains 7 evidence-based food system action goals that could significantly reduce global warming, improve global nutritional health, and maintain food resources for future generations. Key supporting resources, both evidence based and popular, are noted for each goal. These goals address topic areas for improving sustainable eating behaviors, as well as knowledge of sustainable agricultural practices, resource use, and social justice.
TABLE 1 Sustainable Food System Action Goals

1.
Eat a healthful diet lower on the food chain 3,30 -Diversify the diet: reduce consumption of grain-fed meat, increase fruits, vegetables, and legumes. If desired, consume small amounts of humanely raised pastured or fodder-fed animal products.
2.
Eat and act to promote sustainable farming/fishing practices 3,11,14,17,26,27,31,32 -Know how your food is produced; work to support sustainable growing practices and biodiverse agricultural/fishing systems.
3.
Learn to cook, and appreciate cultural food patterns [30] [31] [32] [33] [34] [35] [36] -Cook and eat whole foods! Explore and celebrate traditional food patterns of diverse cultures; promote ethnic eating's environmental and health significance.
4.
Reduce food transport energy 10-13,36-39 -Eat foods in season. Create demand for locally produced/processed foods and support restaurants that buy this food.
5.
Reduce food processing and packaging energy 39,40 -Eat fresh, lightly cooked, or efficiently stored local foods; cook using energy-saving techniques; avoid unnecessary containers and convenience packaging.
6.
Reduce food waste and landfill methane production 10,40-42 -Keep consumption in balance with physiological requirements. Buy sparingly; eat leftovers, freeze for later, share or compost; keep food waste out of landfills.
7.
Eat for social justice 16, 17, 43, 44 -Share scarce resources. Support fair trade initiatives and local farming. Buy food that provides living wages and safe conditions for farm and food workers.
Integration in the Classroom
Most nutrition courses offer opportunities to further students' understanding of sustainable food systems. In Table 2 , we offer recommendations for integrating specific action goals into nutrition courses. The middle column of the chart outlines suggested pedagogical techniques.
Selected case examples give more detailed pedagogical methods for four of these goals based on the authors' experiences in their classes. Students visit community and school gardens and volunteer with school gardens or community-supported agriculture 2, 3, 4, 7
Students design a public scholarship project to improve local food security and inform local officials 1, 2, 4, 5, 6
Build understanding of food system sustainability needs and relationship to health
All
Food and society
Skill building in ethnic cooking and using local ingredients 1, 2, 3, 4, 5 Build understanding of food system All Contrast slow, cultural food to globalized, industrialized food and the nutrition transition
All
International nutrition
Project: students present pros and cons of controversial food system and farming issues 1, 2, 4, 5, 6, 7
Project: students calculate their ecological footprint 1, 2, 4, 5, 6, 7 Project: students assess their own practices of sustainability and design change in 2 areas
All
Integrate concept of slow food 3, 4, 5 Integrate concept of resource scarcity, climate change, and nutrition impact 1, 2, 5, 7
Integrate concept of locally appropriate diets and contribution to health 1, 3, 4, 5, 7
a Pedagogy as practiced by the authors.
GOAL 1: EAT A HEALTHFUL DIET LOWER ON THE FOOD CHAIN; GOAL 2: EAT AND ACT TO PROMOTE SUSTAINABLE FARM AND FISHING PRACTICES
In a Foods Preparation course, students work in pairs to research and present topics that complement each lecture. Topics covered during the semester facilitate critical analyses of conventional and sustainability-oriented methods of food production and preparation 14, 15, 39 and include areas such as health claims, government food, nutrition and agriculture policies, and livestock production. Topics are framed as questions, and students are asked to research the sociological, health, and safety dimensions. Learning objectives of this project include (1) describing the complexity and often multidimensional quality of food systems; (2) explaining the impacts of consumer choice and government policy on farmers and food workers; (3) active engagement of students in researching, presenting, and writing about critical and emerging issues pertaining to the food system; and (4) deepening student appreciation for sustainability considerations related to food.
A Food and Society course explores current recommendations for healthful eating, in terms of disease prevention, 2, 5, 24 within the context of human biophysical evolution, 45, 46 evolution of food systems, [47] [48] [49] and current considerations of sustainability. 1, 3, 6, 8 Using the IUNS Giessen Declaration 22 principles as a framework, students research and examine the contemporary nutritional health, food systems and environment, and global malnutrition and nutrition transition literatures to develop their own evidence-based "guidelines" for healthful eating based on these multiple considerations.
Course learning objectives include (1) describing evidence for evolutionary influences on diet and health; (2) explaining sociopolitical events that have shaped contemporary food systems; (3) examining the pros, cons, and issues linked to the contemporary globalized food system; (4) developing research and critical analysis skills to consolidate information and draw conclusions substantiated by available evidence.
GOAL 4: REDUCE FOOD TRANSPORT ENERGY
Students in Community Nutrition work as a class on a service-learning project to create a local food guide to assist community members in selecting a nutritious diet of seasonally available foods found in the region. 26, [36] [37] [38] A team of student editors compiles the resource, which is distributed to audiences that include members of the university's garden and communitysupported agriculture program. Learning objectives for this project include (1) working effectively in small groups; (2) demonstrating writing and editing skills; (3) exploring aspects of the local food system including production, value-adding enterprises, farmers' markets, community-supported farms, and food retailers; and (4) developing recipes combining local foods available in each season.
GOAL 6: REDUCE FOOD WASTE AND LANDFILL METHANE PRODUCTION
In Foods Laboratory courses, students sample and evaluate recipes that they prepare during classes. After each evaluation, students package food leftovers in reusable containers for later consumption. They return these containers empty, clean and ready for reuse by classmates. Pit, bin, and worm composting is addressed in lectures 41 and then in practice through the composting of all raw fruit or vegetable peelings, cores, leaves, roots, or stems generated during lab activities. Learning objectives include (1) demonstrating engagement with urban agriculture, (2) exploration of the food and waste streams, (3) strategizing behaviors to reduce contributions to solid waste landfills.
Additional Resources for Sustainability Education in Dietitian Training
As noted, respondents to the survey believed that additional resources or guidance to integrate sustainability content into existing courses would be helpful. In addition to resources provided through this report, we also note two additional resources. The first is the ADA's continuing professional education module-"Healthy Land, Healthy Food, Healthy Eaters: Cultivating Sustainable Food Systems." 38 The second is an edited resource called "Teaching Food Systems and Sustainability in Nutrition and Dietetic Training: Lessons for Educators." 50 This is currently under development in collaboration with the American Dietetic Association Hunger and Environmental Dietetic Practice Group and is projected for release in 2011.
SUMMARY
In summary, concern about the health and sustainability of Earth's ecosystems has reached near critical mass. Many now argue that issues of global warming, hunger, and malnutrition can be partly addressed by changing the food systems that perpetuate these problems. Dietary patterns of consumers and the methods of food production and distribution antecedent to over-and underconsumption have well-documented implications for the well-being of humans and other threatened species. We urge educators in nutrition and dietetics training programs to consider the proffered methods for integrating these concerns into their courses, so that future nutritionists and dietitians can be leaders and advocates for food system practices that facilitate a healthy planet and healthy humans.
